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osting by E
cense.Abstract Simple and sensitive spectrophotometric methods have been developed for the quantita-
tive determination of benoxinate HCl in bulk and in pharmaceutical formulations. The ﬁrst method
depends on condensation of primary aromatic amine group of benoxinate HCl with 4-dimethylami-
nobenzaldehyde (PDAB) in presence of glacial acetic acid and the orange red colour developed was
measured at 453 nm. The linearity range was found to be 20–120 lg ml1. The second is based on
the reaction with 4-dimethylaminocinnamaldehyde (DMAC) in 50% sulphuric acid producing a
coloured product which absorbs maximally at 549 nm. Beer’s law is obeyed in the concentration
range 5–50 lg ml1 of benoxinate HCl. The third method is based on the reaction of benoxinate
HCl with acetylacetone and formaldehyde in presence of acetate buffer pH 5.8 (Hantzsch reaction)
and the colour developed was measured at 358 nm. The absorbance is proportional to benoxinate
HCl concentration in the range 2–20 lg ml1. The optimum experimental parameters for the reac-
tions have been studied. The validity of the described procedures was assessed. Statistical analysis of
the results has been carried out revealing high accuracy and good precision. The suggested proce-
dures could be used for the determination of benoxinate HCl in ophthalmic solution. The proce-
dures were rapid, simple and suitable for quality control application.
ª 2010 King Saud University. Open access under CC BY-NC-ND license.2222501.
.com (B.S. Al-Farhan), dr_
lil).
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lsevier1. Introduction
Benoxinate is chemically named as 4-amino-3-butoxybenzoic
acid-2-diethylaminoethylester, with the following structure.
O
ON
NH2
O
CH3
B.S. Al-Farhan, H.M. KhalilBenoxinate HCl consider one of local anesthetics of the estertype used as a 0.4% solution in short ophthalmological proce-
dures (Reynoldt, 1996). Accurate and simple methods for the
analysis of the drug in human body ﬂuids are required in the
ﬁelds of clinical and forensic toxicology; it has been analysed
by gas chromatography (GC) (Grouls et al., 1995; Kumazawa
et al., 1998; Laroche et al., 1998; Koster et al., 2000), GC–mass
spectrometry (MS) (Seno et al., 1991; Watanabe et al., 1998;
Ohshima and Takayasu, 1999; Van Itout et al., 1999; Kudo
et al., 2001), high-performance liquid chromatography (HPLC)
(Sattler et al., 1995) and HPLC–tandem-MS (Abdel-Rehim
et al., 2000). The ofﬁcial method for determination of benoxi-
nate HCl is the non-aqueous titration using standard perchloric
acid as titrant (The United States pharmacopeia, 1995; British
Pharmacopeia, 1998). Direct UV absorbance measurement for
determination of benoxinate HCl in ophthalmic solution (The
United States pharmacopeia, 1995) other spectrophotometric
methods through ion pair formation with cobalt (II) or molyb-
denum (v) thiocyanate (Abdel Gawad and El-Guindi, 1995)
and haloﬂuorescein derivatives (Abdel-Gawad, 1994) were re-
ported. Various methods have been reported for the determina-
tion of benoxinate (Michael et al., 2003) and its metabolites
includes ﬂuorodensitometry (Wintereiger et al., 1979), ion
selective electrodes (Shoukry et al., 1991) and HPLC (Kasuya
et al., 1987). First derivative spectro-photometry and liquid
chromatography (LC) used for determination of benoxinate
HCl and its degradation products (El-Gindy, 2000). To my best
knowledge, no more attempts have been made to determine
benoxinate by colorimetric method, and the literature are still
poor in such analytical procedures.
The present work presents three methods for determining
benoxinate HCl in pure and in ophthalmic solution. The meth-
ods are based on the reaction of aromatic amino group with
different aldehydes to form coloured chromogen measured
colourimetry.
902. Experimental
2.1. Apparatus
Shimadzu 1650 PC recording spectrophotometer with 1 cm
quartz cell.
2.2. Materials and reagents
All the reagents used were of analytical grade and deionized
water for aqueous solutions.
(1) Benoxinate HCl pure drug and Benox eye drops (labeled
to contain 0.4% benoxinate HCl were obtained from
E.I.P.I.Co., Egypt).
(2) 4-Dimethylaminobenzaldehyde solution, (PDAB) 0.5%
w/v in 50% ethyl alcohol.
(3) 4-Dimethylaminocinnamaldehyde (DMAC) 0.5% w/v
in 50% sulphuric acid.
(4) Acetylacetone 8.4% v/v freshly prepared by mixing
2.1 ml acetylacetone with 10 ml acetate buffer pH 5.8
and dilution to 25 ml with distilled water.
(5) Formaldehyde (34–40%), 20% v/v prepared by mixing
5 ml HCHO with distilled water to 25 ml acetate buffer,
pH 5.8.(6) Acetate buffer pH 5.8.
(7) Sulphuric acid, 50% v/v.
(8) Ethanol 50% v/v.
(9) Glacial acetic acid (g HAc).
2.3. Standard solutions
Solution of 1 mg ml1 was prepared by dissolving 100 mg of
benoxinate HCl in cool distilled water. The solution was stored
in a cool (L 25 C) and dark place.
2.4. General procedures
2.4.1. Method I (PDAB)
Into 10 ml measuring ﬂasks, different aliquots of drug solution
(0.2–1.2 ml) were transferred to provide ﬁnal concentration
range (20–120 lg ml1). To each ﬂask, 2 ml of 0.5% PADB
solution and 0.5 ml of g HAc were successively added, and
set a side at room temperature for 5 min. The volume was
made up to the mark with 50% acetic acid and the absorbance
was measured against a reagent blank at 453 nm. The calibra-
tion graph was prepared by plotting absorbance vs. concentra-
tion of benoxinate HCl.
2.4.2. Method 2 (DMAC)
Into 10 ml measuring ﬂasks, different aliquots of drug solution
(0.05–5.0 ml) were transferred to provide ﬁnal concentration
range (5–50 lg ml1). To each ﬂask, 0.2 ml of 0.5% DMAC
was added and set a side for 5 min. The volume was made
up to the mark with 50% ethanol. The absorbance was mea-
sured against a reagent blank at 549 nm. The calibration graph
was prepared by plotting absorbance vs. concentration of
benoxinate HCl.
2.4.3. Method 3 (Hantzsch reaction)
Into a series of test tubes, different aliquots of drug solution
(0.1–1 ml) were transferred to provide ﬁnal concentration
range (2–20 lg ml1). To cash test tube 1.5 ml of acetylacetone
and 0.3 ml formaldehyde solution were added, the mixture was
heated in a boiling water both for 5 min, then cooled and di-
luted to 50 ml with distilled water. Absorbance was measured
at 334 nm against a reagent blank treated similarly. The cali-
bration graph was prepared by plotting absorbance vs. concen-
tration of benoxinate HCl.
2.5. Procedures for ophthalmic solution
Of Benox eye drops (2.5 ml) equivalent to 10 ml benoxinate
HCl was completed to 10 ml with distilled water. Aliquots
from this solution were used for the application of proposed
methods for general procedures using standard addition
technique.3. Results and discussion
Benoxinate HCl contains a primary aromatic amino group,
which is known to react with many aldehydes as PADB,
DMAC and acetylacetone – formaldehyde (Hantzsch reaction)
to form highly coloured shiff bases.
Figure 3 Absorption spectra of reaction product between
benoxinate HCl (80 lg ml1) and Hantzsch reagent (method 3).
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3.1.1. Method I (using PADB reagent)
PADB reagent is used for the determination of amino group
containing compounds (Mahrous and Abdel-khalek, 1993).
This reagent was utilized for quantitative determination of
benoxinate HCl. The method depends on the formation of
shiff base upon reaction of drug with PADB reagent. Factors
affecting the reaction, namely volume of reagent, type of acids
used (catalyst), concentration of acid and solvent dilution,
were carefully studied to achieve quantitative result. The reac-
tion was carried out by adding 2 ml of reagent and 0.5 ml of
glacial acetic acid. Maximum and stable absorbance was ob-
tained after 5 min at 453 nm after dilution to the mark with
50% acetic acid. The formed colour under these conditions
was stable for 2 h at room temperature (Fig. 1).
3.1.2. Method 2 (using DMAC reagent)
DMAC reagent is used for the determination of secondary
amine to form very stable red product (El-sherif et al., 1997).Figure 1 Absorption spectra of reaction product between
benoxinate HCl (14 lg ml1) and PDMB reagent (method 1).
Figure 2 Absorption spectra of reaction product between
benoxinate HCl (25 lg ml1) and DMAC (method 2).Also used for determination of aromatic primary amine
(Doronin et al., 2004). In the present work DMAC react with
primary amino group in benoxinate ring to from highly col-
oured product measured at 549 nm (Fig. 2).Table 2 Evaluation of the accuracy and precision of the
proposed methods.
Parameters Method 1
using PDMB
Method 2
using DMAC
Method 3 using
acetylacetone /HCHO
RSD% 0.20 0.15 0.48
SAE 0.12 0.09 0.28
Conﬁdence
limitsa
0.28 0.19 0.59
a Conﬁdence limits at p= 0.95 and four degree of freedom.
Table 1 Optical characteristics and data of the regression
equation for the determination of benoxinate HCl using
proposed methods.
Parameters PDMB DMAC Acetylacetone/
HCHO
Linearity range
(lg ml1)
20–120 5–50 2–20
Molar absorptivity
(mol1 l cm1)
2.9 · 103 2.5 · 103 2.5 · 104
Sandell’s sensitivity
(lg cm2)
0.116 0.138 0.0138
Detection limits
(lg ml1)
6.90 3.41 0.82
Quantiﬁcation limits
(lg ml1)
22.99 11.36 2.70
Intercept (a) 0.0325 0.027 0.489
Slope (b) 8.72 · 103 8.8 · 103 0.074
Correlation coeﬃcient
(r)
0.9912 0.9998 0.9996
Table 3 Determination of benoxinate HCl in Benox eye drops using proposed methods compared with reference method.
Pharmaceutical preparation Reference* method Proposed methods
Method 1 using PDMB Method 2 using DMAC Method 3 using acetylacetone formaldehyde
% Recovery ± S.D. 100.07 ± 0.40 99.45 ± 0.65 99.58 ± 0.54 99.73 ± 0.60
F (3.69) 2.62 1.81 2.25
t (2.78) 0.32 0.24 0.20
* The average of ﬁve experiments.
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of parameters such as reagent concentration and dilution
solvents.
(1) 0.2 ml of 0.5% of DMAC reagent was found optimum
to maximize the colour intensity.
(2) Different dilution solvent such as 50% H2SO4, glacial
acetic acid ethyl alcohol and methyl alcohol have been tried,
but ethyl alcohol gave the best results.3.1.3. Method 3 (Hantzsch reaction)
The proposed method for determination of benoxinate HCl
(primary amine) was based on Hantzsch condensation reaction
using acetylacetone as B-diketone and HCHO as an aldehyde
to from a coloured condensation product. The formed yellow
colour showed maximum absorption at 358 nm. Absorption
intensity was measured using high sensitivity parameters:
(1) Effect of heating time:
Heating at 100 C for 5 min, was sufﬁcient to produce
maximum colour intensity and the produced colour
was stable for 2 h.
(2) Effect of reagent concentration:
1.5 ml of 8.4% v/v acetylacetone and 0.3 ml of 20% v/v
formaldehyde were found to give maximum absorbance.
(3) Effect of pH:
Different acetate buffer in a pH range 3.7–6.8 were tried
and 5.8 was the pH of choice for the method.
(4) Effect of solvents:
Different diluting solvents were used such as water, eth-
anol, methanol, acetonitrile and acetone but the best col-
our was obtained using water (Fig. 3).3.2. Linearity, accuracy and precision
The methods were tested for linearity, accuracy and precision.
By using the above colorimetric procedures, linear regression
plots showed a linear dependence of the absorbance over
Beer’s law range given in (Table 1). The table also shows the
results of the statistical analysis of the experimental data, such
as the slopes, the intercepts, the correlation coefﬁcients ob-
tained by the linear least-square treatment of the results. In or-
der to determine the accuracy and precision of the methods,
solution containing three different concentration of benoxinate
HCl were prepared and analysed in ﬁve replicates.
The analytical results obtained from this investigation are
summarized in (Table 2). The mean relative standard deviation
(RSD) and the mean standard analytical error (SAE) can be
considered to be very satisfactory. The proposed methods were
applied for determination of the selected drug in its pharma-
ceutical formulation using the standard addition technique(Table 3). Results obtained were compared with reference
method (El-Gindy, 2000). The results obtained showed that
the calculated t and F values did not exceed the theoretical val-
ues (95% conﬁdence limits for the ﬁve degrees of freedom)
(Table 3) from which we can conclude that there is no signiﬁ-
cant differences between the results.4. Conclusion
The data given above reveal that the proposed methods are
simple, accurate and sensitive with good precision and accu-
racy. With these methods, one can do the analysis with speed
at low cost without losing accuracy. The proposed methods
can be used as alternative methods to the reported ones for
the routine determination of benoxinate HCl eye drops. This
encourages their successful use in routine analysis of the drug
in quality control laboratories.References
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